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To estimate the prevalence of respiratory disorders in
children, and to investigate the roles of potential envi-
ronmental risk factors, including exposure to outdoor
air pollution, a large multicenter, population based
survey (SIDRIA) was conducted in Italy in 1994–1995.
The study enrolled more than 40,000 children. Results
allowed international comparisons of the prevalences
of asthma and allergies in childhood in the framework
of the ISAAC (International Study of Asthma and Aller-
gies in Childhood) study, and supplied further evi-
dence of the adverse respiratory effects of many envi-
ronmental factors. The methods and main findings of
the SIDRIA study are presented, focusing on the role of
outdoor risk factors. Key words: children/adolescents;
respiratory disorders; bronchitis; asthma; air pollution.
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Alarge multicenter, population-based survey,SIDRIA (Studi italiani sui disturbi respiratorinell’infanzia e l’ambiente) [Italian Studies on
Respiratory Disorders in Children and the Environ-
ment], was conducted in Italy in 1994–1995. The
SIDRIA Collaborative Group was assembled to provide
data on the prevalence of respiratory disorders and
allergies in Italian schoolchildren for comparison with
prevalences in other countries. The standardized
methodology proposed by the International Study of
Asthma and Allergies in Childhood (ISAAC)1,2 was
used. SIDRIA contributed to the ISAAC study with a
large sample of children, and widely extended the
objective of ISAAC, since it was aimed at evaluating the
effects of several potential environmental risk factors,
including outdoor air pollution, on children’s respira-
tory health. 
The results of the SIDRIA project have been exten-
sively published3–10; in this paper, we summarize the
main results, with emphasis on the associations we
found between exposure to traffic pollution and respi-
ratory disorders.3–5
RESEARCH METHODS
The SIDRIA study was carried out between October
1994 and March 1995 in ten centers of Northern and
Central Italy varying in size, latitude, climate, and
level of urbanization. Prevalence and the role of air
pollution were investigated in two separate phases of
the study.
Prevalence
The study population consisted of a random sample of
children aged 6–7 years and adolescents aged 13–14
years from ten areas of Northern and Central Italy.
Each center was required to sample at least 1,000 sub-
jects for each age group. Standardized self-adminis-
tered questionnaires were used. In addition to the
ISAAC items on asthma, rhinitis, and eczema, the
health sections of the questionnaires elicited: 1) med-
ical diagnosis of asthma; 2) occurrence of other respi-
ratory symptoms; 3) medical history of episodes of res-
piratory diseases that had occurred during the first two
years of life. The questionnaires also included other
sections on many known or suspected risk factors for
respiratory diseases, including passive smoking expo-
sure, characteristics of the household, and exposure to
road traffic. Questions about traffic included: 1) a sub-
jective evaluation of the traffic density in the zone of
residence (absent, low, intermediate, high); and 2) the
frequency of passing buses and lorries in the street of
residence. Separate validation studies of traffic indica-
tors in two cities, using different approaches,4 sup-
ported the absence of an important reporting bias .
A questionnaire was distributed to the children and
adolescents at school and filled in at home by their par-
ents; a shorter questionnaire, mainly on current respi-
ratory symptoms and on personal smoking habits, was
filled in directly by adolescents at school. 
The sample analyzed included more than 40,000
children and adolescents, from 547 schools. The
response rate was very high, more than 90% in all cen-
ters (Table 1).
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Air Pollution Study
To evaluate the association between mean annual levels
of pollutants (NO2, SO2, and PM10) and prevalence of
respiratory symptoms, 10,106 children aged 6 to 11 years
attending 46 primary schools located within 1 km from
29 air-pollution–monitoring stations were enrolled in
the study. The 29 monitoring stations, located in 22 cities
belonging to ten areas of Northern and Central Italy,
routinely monitored a wide range of air pollutants. Mean
levels of NO2 were also measured using passive samplers
placed in school yards. The survey was conducted in the
same period as the prevalence investigation, applying
the same method.2 Symptomatic children were com-
pared with a common reference group of children with
a negative history of respiratory disorders.
ASTHMA AND ALLERGIES
The prevalences of asthma and asthmatic symptoms
among Italian children are reported in Table 2. The
observed prevalence of asthma of about 9% among
both children and adolescents was one of the lowest
among the countries participating to the ISAAC study.
No large variations were observed among the different
Italian areas. As regards the other allergic disorders,
the prevalence of symptoms of eczema dermatitis was
6% for both age groups, while 6% of the children and
14% of the adolescents were found to have hay fever,
again quite low prevalences compared with those
observed in other countries.
RESPIRATORY HEALTH AND
TRAFFIC AIR POLLUTION
The adverse health effects of exposure to air pollutants
have been extensively described.11 Although the patho-
genic mechanism is still not completely understood,
exposure to outdoor air pollution has been associated
with both acute and chronic adverse health effects,
including lung cancer.12–15 Particulate matter, ozone,
and nitrogen oxides are at present the pollutants of
most concern. 
Children represent a population particularly at risk
from air pollution, since they spend many hours out-
doors, frequently performing intense physical activi-
ties, and because of a potential higher sensitivity during
development.16 In the SIDRIA study,3 environmental
data indicated that the highest concentrations for most
pollutants were recorded in the three largest cities cov-
ered by the survey (Torino, Milano, and Roma), with
average yearly concentrations of 50–70 µg/m3 for par-
ticulate matter with mean aerodynamic diameter < 10
µm (PM10) and 80–100 µg/m
3 for NO2. It should be
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TABLE 1 Characteristics of the SIDRIA Centers and Response Rate by Respondent (Parents or Adolescents)
and Age Group, Prevalence Study, 1994–1995*
Questionnaires Completed by______________________________________________________
Parents of Children AgedSchools with ___________________________________ Adolescents
Children Aged 6–7 Yr 13–14 Yr 13–14 YrInhabitants Population ________________ _______________ _______________ _______________
(Thousands) Density† 6–7 Yr 13–14 Yr No. (%) No. (%) No. (%)
Torino 935 7,221 14 14 1,428 (96.9) 1,211 (95.0) 1,242 (97.5)
Milano 1,383 7,611 30 35 3,616 (96.1) 3,349 (96.1) 3,373 (96.8)
Cremona 155 188 23 24 1,392 (100.0) 1,198 (99.0) 1,201 (99.3)
Trento 450 72 — 87 — — 4,287 (91.4) 4,426 (94.4)
Emilia Romagna 3,924 177 74 55 4,472 (98.2) 3,976 (98.0) 3,961 (97.7)
Firenze-Prato 814 954 15 11 1,138 (96.2) 1,144 (94.5) 1,171 (96.7)
Empoli-Fucecchio 221 249 22 12 1,434 (91.0) 1,016 (94.9) 1,046 (97.7)
Siena 250 66 — 19 — — 1,162 (95.9) 1,181 (97.4)
Viterbo 125 75 13 12 1,230 (97.5) 886 (91.9) 922 (95.6)
Roma 2,688 1,793 46 41 4,027 (94.5) 3,181 (90.2) 3,323 (94.2)
TOTAL 237 310 18,737 (96.3) 21,410 (94.3) 21,846 (96.2)
*Modified from SIDRIA Collaborative Group.29
†Inhabitants/km2.
TABLE 2 Prevalences of Wheezing and Asthma among Children 6–7 Years Old by Latitude and Level of
Urbanization, SIDRIA Prevalence Study, 1994–1995
Latitude Urbanization_____________________________ _______________________________________________
Metropolitan
North Italy Central Italy Areas Urban Areas Rural Areas
Wheezing (lifetime) 24.1 24.8 23.3 26.0 25.5
Wheezing (last 12 months) 7.5 8.0 7.4 7.6 8.3
Asthma (lifetime) 7.8 10.5 10.2 8.1 7.3
noted, however, that mean annual levels of PM10 were,
in the urban environments covered by the survey, fre-
quently above the annual limit specified by the EU for
PM10, i.e., 40 µg/m
3.17 On the other hand, SO2 levels in
the studied areas were very low.
A strong association between the prevalence of cur-
rent persistent phlegm and mean annual levels of NO2
was found, with an increase of 25% with an increase of
21 µg/m3 NO2 (passive samplers), or 28% with an
increase of 37.5 µg/m3 NO2 measured by the monitor-
ing stations. The frequency of persistent phlegm was
also associated with PM10, with a 66% increase for the
higher quartile of exposure (60–101 µg/m3) compared
with the lowest (20–35 µg/m3).3 Associations for NO2
and PM10 of the same magnitude were found among
children reporting both current asthmatic and bron-
chitic symptoms: this finding suggests a greater suscep-
tibility of these children (with more severe respiratory
conditions) to the effects of air pollution. 
An association between SO2 exposure and asthmatic
symptoms was found, but only at the highest levels of
exposure (fourth quartile, 13–21 µg/m3).
In summary, mean annual levels of air pollution,
measured by means of monitoring stations, were found
to be associated with current adverse respiratory con-
ditions of children, and particularly with the more
severe conditions. 
The use of estimates of exposure to air pollutants
derived from monitoring stations, although common
in epidemiologic studies, could lead to a misclassifica-
tion of children’s exposures, given the wide variations
in time and activity patterns. Furthermore, the method
used to measure suspended particles were not stan-
dardized across the different areas during the study.
Thus, some degree of misclassification of exposures,
especially to particulate matter, of the children
enrolled in the air pollution study is probable; however,
such misclassification would have biased the odds ratios
toward the null value, and therefore the observed asso-
ciations would be likely to be underestimated.
The effects of exposure to air pollution from road
traffic was evaluated individually, by means of the infor-
mation supplied by parental questionnaires regarding
the perception of traffic in the area of residence.4,5 For
children living in the largest cities, a strong and consis-
tent association was found between the prevalences of
several current respiratory disorders and the indicator
of frequency of lorry traffic in the street of residence,
while a weak association was observed for the generic
indicator of “traffic” in the zone of residence; this find-
ing suggests a specific and more dangerous effect of
diesel exhaust (diesel is the fuel used in heavy vehicles
in Italy). Other epidemiological studies have also
found that chronic respiratory symptoms and reduced
lung function in children are more strongly associated
with lorry traffic rather than with automobile traffic,
supporting the hypothesis of greater danger from
diesel exhausts.18–22 Emissions of fine particles are
much higher in diesel exhausts than in gasoline
exhausts.23 Fine particles are considered to be toxic to
the respiratory mucosa, causing inflammatory reac-
tions and predisposing to infections of the lower respi-
ratory tract,24,25 and experimental studies suggest that
diesel particles may enhance immunologic responses
to allergens.26,27
As in the air pollution study, the strongest associa-
tions were found for current bronchitic symptoms (per-
sistent cough or phlegm), and for the association of
asthmatic and bronchitic symptoms (Figure 1), again
supporting the hypothesis of increased susceptibility of
the sicker children to environmental pollution. 
An association was also found for respiratory disor-
ders in the first two years of life, with a stronger effect on
lower respiratory tract infections (bronchitis, pneumo-
nia, bronchiolitis) rather than on asthmatic symptoms. 
The results are concordant with the findings of
recent investigations aimed at disentangling the effects
on children of long-term exposures to air pollutants at
the community level, which have shown consistent asso-
ciations with the prevalence and/or incidence of bron-
chitis, cough, and deficit in lung function; these effects
seem to be stronger in asthmatic children. 
CONCLUSIONS AND FUTURE
PERSPECTIVES
The results of the SIDRIA study confirm the findings of
many other investigations, suggesting that air pollution
from traffic, and particularly from heavy vehicles, even
at the concentrations at present experienced in West-
ern countries, is harmful to the respiratory health of
children.
In 2002, a second population-based survey (SIDRIA
Phase 2) was begun to improve national estimates of
the prevalences of respiratory disorders, as well as to
evaluate variations in time trends of the respiratory dis-
orders in children and to identify environmental fac-
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Figure 1—Truck traffic in the streets of residence in the
three larger cities included in the SIDRIA-study (Torino,
Milano, and Roma), and prevalences of both asth-
matic and bronchitic symptoms (test for linear trend: p
= 0,000). SIDRIA prevalence study, 1994–1995.
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tors that may relate to such variations. Analysis of the
data is ongoing, but preliminary results28 have shown
that the percentage of children living in areas of high
traffic density is not substantially reduced compared
with that found in the first phase of the study. From a
public health point of view, the problem is particularly
relevant, given the high proportion of children
exposed, and supports the need for stricter regulation
of traffic in residential areas.
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